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Introduction
Quantum Chromodynamics (QCD) is the theory describing quarks, gluons and the strong interaction between them. In QCD, heavy flavor quarks (c, b) are mostly produced through initial hard scatterings in high energy collisions of nucleons or nuclei. Because of their large masses, heavy quarks may offer a unique sensitivity to study the cold and hot QCD media created in these collisions [1] [2] [3] . In proton + proton (p+p) collisions, perturbative QCD (pQCD) calculations reproduce the inclusive heavy flavor hadron production cross section data over a broad range of collision energies and rapidities [4] [5] [6] [7] [8] . The nuclear modification factor for single charmed hadrons in heavy ion collisions shows a significant modification compared to the p+p reference. Several models with different energy loss mechanisms can all describe the experimental data [9] [10] [11] [12] [13] .
Recent research suggests that azimuthal correlations ∆φ between heavy quark pairs offer new insight into charm-medium interaction dynamics, and therefore can help distinguish different energy loss mechanisms in the hot QCD medium [14, 15] . The theoretical prediction indicates that pure radiative energy loss does not change the initial angular correlation function significantly, while pure collisional energy loss is more efficient at diluting the initial backto-back charm pair correlation. Furthermore, the momentum broadening in the direction perpendicular to the initial quark momentum, which cannot be probed directly with traditional single particle measurements (e.g. nuclear modification factor (R AA ) and flow parameter v 2 ), could be reflected in the azimuthal angle correlations [15, 16] .
In p + p collisions, charm quark pairs are produced through initial back-toback hard scatterings in leading order. In next-to-leading order, the angular correlation between charm quark pairs is widening. In particular, it will show a near-side peak at ∆φ ∼ 0 if the charm pairs are produced through gluon splitting. The measurement of D − D correlations in p + p collisions not only provides a baseline for heavy ion measurements, but also offers a good constraint for pQCD calculations and helps us understand non-perturbative fragmentation and the underlying event activity distributions. D-mesons inherit most of the initial charm pair correlations, but weak decays smear the correlation significantly. Therefore measurement of D − D correlations should be the most sensitive probe to address charm quark pair correlations [17, 18] .
The experimental reconstruction of D − D azimuthal angular correlation is 2 challenging. It requires reconstruction of two charmed hadrons in a single event.
Charmed hadrons need to be reconstructed through their hadronic decay channels which typically have small branching ratios. Furthermore, there are often sizable uncorrelated and correlated background in each reconstructed charmed hadron. In single charmed hadron yield measurements, for instance D 0 mesons through the K − π + decay channel, several background methods, e.g. like-sign (LS), side-band (SB) and mixed-event (ME) etc. were deployed by experimentalists. In the ME technique, background pairs are reconstructed using two daughter tracks from different events. Therefore this method has the advantage to reproduce the uncorrelated combinatorial background with good statistics, but it doesn't contain the correlated background part. In the LS technique, background is generated by pairing daughter tracks with the same charge sign.
It contains also the correlated background assuming daughters are produced in pairs with opposite charge signs. In the SB technique, opposite sign pairs with invariant masses away from the D 0 peak are used, and usually two symmetric mass regions on both sides of the D 0 peak are selected and an average of these two is chosen to represent the background underneath the D 0 peak. To a reasonable precision, both LS and SB techniques can successfully reproduce the background in single D 0 yield measurements [19, 20] .
In this paper, we investigate these background reconstruction methods for the measurement of D − D correlations. The ME technique misses the correlated background and it typically needs to be normalized to either LS or SB distributions. In the following study we focus on the comparison of the LS and SB background techniques.
PYTHIA study for D − D correlations
The Monte Carlo event generator PYTHIA (version 8.168) is used for this study [21] . We focus on p + p collisions at √ s NN = 500 GeV for illustration. The parameters were tuned so that PYTHIA can reproduce the experimental data 3 on inclusive cc production cross-section in p + p collisions at 500 GeV measured by the STAR experiment at RHIC [22] . 
(rad) φ ∆ like-sign and like-sign background pairs (LS*LS) tends to peak at ∆φ around 0 and that its magnitude is considerably larger than that between like-sign background and unlike-sign candidates (LS*US). The right panel in Figure 3 shows the results with the same trigger p T and S/B ratio from the side-band method. The correlation between the side-band background and unlike-sign candidates lies between the other two correlation terms. The correlation between two side-band background pairs shows a similar trend as that between side-band background and unlike-sign candidates. It depends on the signal-to-background ratios of the D 0 candidates.
To better illustrate the performance of these two background methods in While the side-band method shows a good performance throughout the whole S/B ratio region investigated. The increase of both ∆P and ∆E at low S/B region in the side-band method is due to the reduced statistics.
When a K + π + pair is selected, there is a higher probability for finding a of Fig. 7 . There is a large difference between the LS*US pair correlation and the US*US pair correlation while there is very small difference between LS*LS and US*US. This is consistent with our understanding that there is an additional correlation not originating from the D 0 − D 0 pairs.
The side-band method is not affected by charge conservation. It is shown that all cross correlations fall in the same trend, and there is no remaining
Conclusion
In summary, we study the background reconstruction methods for azimuthal correlations between D 0 and D 0 pairs by a PYTHIA simulation. 
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